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Introduction
Newborn hearing screening (NHS) program has been im-
plemented to include not only babies with identifiable risk fac-
tors for permanent hearing loss but all babies admitted in the 
wellbaby nursery and neonatal intensive care unit (NICU) in 
Korea. Evidence to support the expansion of the NHS program 
continues to collect. Early identification of hearing loss and ap-
propriate intervention aims to assure adequate opportunity to 
maximize language development and communication for chil-
dren with hearing loss.1,2)
Accurate audiological evaluation of hearing in young babies 
requires appropriate technology and experienced manpower. 
For screening purposes, the screening tests should have accept-
able range of sensitivity and specificity, and yet be easy to han-
dle for use by various personnel. Automated auditory brainstem 
response (A-ABR) and otoacoustic emission (OAE) tests are 
considered as methods of choice for NHS.1) NHS protocols may 
vary in the choice of the tests and the number of repeated 
screening tests (“stages”) among different institutions.3,4) In the 
early days of NHS, the test method was recommended to be se-
lected from either OAE or auditory brainstem response 
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Background and Objectives: Newborn Hearing Screening (NHS) program aims to identify 
babies at risk of hearing loss and provide appropriate rehabilitation within the crucial period for 
language development. The risk of hearing loss in increased in babies discharged from neona-
tal intensive care unit (NICU) compared to wellbaby nursery. Transient evoked otoacoustic 
emission (TEOAE) or automated auditory brainstem response tests are utilized. The purpose 
of this study is to assess the outcome of NHS using TEOAE as initial evaluation method in 
NICU graduates. Subjects and Methods: TEOAE was performed as initial screening method 
for NHS in NICU neonates born between February 2010 and November 2011. Babies referred 
from TEOAE were reevaluated with repeated TEOAE or auditory brainstem response. Referral 
rates were estimated and quality indicators for screening (Joint Committee on Infant Hearing 
position statement, 2007) were evaluated. Results: Among 149 neonates graduated from 
NICU, 50 (33.6%) babies failed initial TEOAE (‘refer’). A second stage TEOAE testing was per-
formed in 41 (82.0%) of these babies: 35 (85.4%) passed and 6 (14.6%) were referred for di-
agnostic testing. From 2-stage TEOAE screening program, 6 neonates were referred for diag-
nostic audiological evaluation: sensorineural hearing loss was identified in 2 babies and 3 
babies were lost to follow up. Quality indicators for screening were as follows: 1) 94.0% of all 
newborn infants admitted to NICU completed screening by 1 month of age, and 2) 4.0% of all 
newborn infants who fail initial screening and fail any subsequent rescreening before compre-
hensive audiological evaluation. Conclusions: Timely and adequate screening of hearing loss 
is prerequisite for accurate diagnosis and appropriate rehabilitation in infants especially from 
NICU. Further refinement of the current NHS with additional reliable screening technology is 
required for more stable and successful screening program.
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(ABR) or both.5,6) Both ABR and OAE tests can identify senso-
ry/cochlear) hearing loss. However, OAE responses may be in-
tact in cases of neural hearing loss (auditory neuropathy/audi-
tory dyssynchrony), that would be identifiable by abnormality 
in ABR. Since the babies admitted in NICU are more likely to 
be at risk for neural hearing loss than their counterpart in 
wellbaby nursery, the current recommendation for NHS testing 
methods are different for each group. The 2007 position state-
ment of the Joint Committee on Infant Hearing (JCIH) updat-
ed the recommendation for test protocols: A-ABR is recom-
mended if a single test method is chosen for screening of NICU 
babies.1)
The aim of this study is to present the outcome of NHS using 
transient evoked otoacoustic emission (TEOAE) as initial 
evaluation method in NICU graduates to discuss the necessity 
of ABR to complement its limitation.
Subjects and Methods
The clinical data of all babies who were admitted in NICU 
at the Yonsei University College of Medicine Gangnam Sever-
ance Hospital between February 2010 and November 2011 
was retrospectively reviewed. All babies were screening using 
a two-staged NHS program (Fig. 1). TEOAE tests were per-
formed as initial screening method within 2-5 days from 
birth. If the babies “failed” the initial TEOAE screening, oto-
scopic examination and second stage TEOAE tests were per-
formed. After the two stages of TEOAE, referred babies were 
recommended for diagnostic audiological evaluation includ-
ing ABR. Referral rates were estimated and quality indica-
tors for screening recommended in JCIH 20071) were evalu-
ated. 
Two qualified audiologists performed testing of neonates. 
All neonates were screened for hearing impairment using 
TEOAE within 5days after birth before discharge from the 
hospital. TEOAEs were recorded using ILO 92 Otodynam-
ics analyzer system (Otodynamics, England, UK) and ILO 
V6 software. The tests were performed in soundproof audio-
booths. A click stimulus with 80 μs duration was presented at 
a repetition interval of 20 msec. TEOAEs were considered 
present (“pass”) if the signal-to-noise ratio was 6 dB or great 
in at least 3 of 5 frequency bands, and absent (“fail” or “re-
fer”) otherwise. 
Results
During the study period, 149 neonates graduated from NICU 
and all underwent hearing screening. Initial TEOAE tests were 
performed within 2-5 days after birth. Fifty out of 149 (33.6%) 
babies were scheduled for second stage program. However, 
9/50 of them were lost to follow up. From initial screening, 
TEOAEs were absent unilaterally in 33/50 (66.0%) babies, 
and bilaterally in 17/50 (34.0%)(Fig. 2).
In the second stage screening using repeated TEOAE was 
performed within 1 month of birth, 35/41 (85.4%) babies were 
“passed” and 6/41 (14.6%) remained “fail” cases. From the 
two-staged NHS protocol, 6/149 (4.0%) of total NICU babies 
tested were referred for diagnostic audiological evaluation: the 
“failed” results were bilateral for 2 babies and unilateral for 
the remaining 4 babies (Fig. 2). 
TEOAE or ABR tests were recommended for the 6 referred 
Fig. 2. Results of the two-staged newborn hearing screening pro-
tocol using transient evoked otoacoustic emission (TEOAE) in 
neonatal intensive care unit (NICU) babies.
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Fig. 1. A schematic overview of the two-staged newborn hearing 
screening protocol using transient evoked otoacoustic emission 
(TEOAE).
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babies, but 3 were lost to follow up visits. Two babies under-
went otoscopic examination, tympanometry and TEOAE and 
were cleared for all tests. ABR test was performed on one re-
ferred baby to reveal profound hearing loss in both ears. 
Almost of all babies that passed NHS from either the initial 
or second stage TEOAEs did not present for further evalua-
tion. However, one baby that initially failed TEOAE but later 
passed the second stage test returned for audiological evaluation 
at 3 months of age, following our recommendation bases on 
the prenatal history of syphilis infection. TEOAEs were still 
present, but the ABR test revealed hearing thresholds of 50 
dBnHL in the right ear and 30 dBnHL in the left. He is sched-
uled for regular follow up tests.
As for any screening programs, regular monitoring and 
quality control are required for NHS programs. We evaluated 
the results of our NHS program using TEOAE in NICU pa-
tients by estimating quality indicators for screening as recom-
mended in JCIH statement.1) First, the percentage of all new-
born infants who complete screening by 1 month of age was 
estimated as 94.0% (140/149) for NICU graduates. Second, 
the percentage of all newborn infants who fail initial screening 
and fail any subsequent rescreening before comprehensive au-
diological evaluation is 4.0% (6/149) for our NICU babies. 
Discussion
Hearing loss is a common congenital condition, occurring 
in approximately 0.1% of the normal population, and can re-
sult in detrimental effect on speech and language development 
in children without early intervention.2) NHS program was ini-
tiated for early detection of hearing loss in infants and encom-
passes identification of hearing loss soon after birth, persistent 
follow up evaluation of hearing and language development, 
and appropriate intervention for hearing rehabilitation.1) As 
clinical experience and long term results of initial NHS pro-
grams are collected, special attention is directed to neonatal 
population with higher risk for hearing impairment. It is esti-
mated that the prevalence of unilateral or bilateral hearing loss 
incidence of hearing impairment higher is as high as 3.2% in 
NICU population form a national cohort study.7) Also, estab-
lished risk factors for hearing loss are more frequently encoun-
tered in NICU graduates than wellbaby nursery infants.8) 
Higher incidence of auditory neuropathy/auditory dyssynchro-
ny (AN/AD) in NICU babies was also reported. The 2007 po-
sition statement of JCIH has outlined distinct protocols for 
hearing screening in wellbaby nurseries and NICU, and spec-
ified the usage of automated ABR in NICU infants. 
Traditional TEOAE tests have been utilized for a two-
staged protocol for NHS program in all neonates admitted in 
wellbaby nursery and NICU in our hospital. As the demand 
for more comprehensive and definitive diagnostic evaluation 
is in demand for babies with various medical conditions in ter-
tiary referral centers, a review of the current NHS program 
was attempted. It was encouraging to note that the results of 
the TEOAE screening protocol were in accordance with previ-
ous reports of referral rates.9-12) Also, the rate of follow up 
loss of 6.04% was comparable. Possible explanations for fol-
low up loss during the NHS programs are considered similar 
to other institutes. Some neonates may be transferred to other 
hospitals before completion of hearing screening. Parents or 
even medical staff may prioritize management of other con-
ditions more importantly than evaluation of hearing. Further 
efforts are needed to provide more information about the risk 
of hearing impairment and importance of early detection and 
intervention to parents and the medical staff. Also, the results 
or the lack of NHS should be noted in medical records for 
transfer to other hospitals.
A significant finding concerns the false-negative case from 
the NHS protocol. Follow up audiological evaluation re-
vealed normal TEOAE results, but delayed waves and in-
creased threshold in ABR. The case correlates with AN/AD, 
where the usage of TEOAE as the sole hearing screening 
method is limited. Since the prevalence of AN/AD is consid-
ered higher in NICU infants, it may be speculated that there 
were other cases of false negative. 
Although a prospective cohort study of NICU graduates 
with longterm follow-up of audiological evaluations is pre-
requisite for accurate assessment of our two-staged TEOAE 
test protocol, even a general overview of the NHS program 
results supports the addition of ABR or A-ABR into the NHS 
program for NICU babies with higher risk for hearing im-
pairment.
Conclusion
Timely and adequate screening of hearing loss is prerequi-
site for accurate diagnosis and appropriate rehabilitation in 
infants especially from NICU. Our data suggests that in se-
lected population of NICU babies, NHS program utilizing 
TEOAE as two-stage testing method presents potential risk 
of failing to identify cases of neural hearing loss that may 
exert adverse effect on language development. Further re-
finement of the current NHS with additional ABR testing is 
required for more accurate and successful screening pro-
gram.
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